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˝1˞ɤț 
 4545ǯ-¬¸ʼÐɃȟƒʛ,ʐɝŗ,ǚȐ(Ɇĺʛ,ǬĳɜȖȨŅŞ=
Ǘő(9ÜøƄ,Ǯř'9	ǯǠȠȯĝǳǗő(&ʽɗ¸ɜȖ,¸ɌȹÛ
(ɌɕɘÒ+69ɜȖɂŁŗǽ7:&9	1 4545ǯřȷ+9ʽɗ
¸ɜȖ,ƂƏĐÒ(&ɜȖđň,ǚĪÒŨŴ:&9	4545ǯřȷ+
9cBFn~G~,Ćï-ȉ'9ɜǉn]wZJTqWziz[@~U9 
(Matrix metalloproteinase-9: MMP-9),ǱǞ4545ǯřȷ'ƃ&9(
Ćï:&9	ńȇ'-4545ǯřȷ,¶Mbpʭʎɨƙ=ɝǮřŜâŗ
ʗĚ(& 17ǫƜɔ+Ĝÿ9RNF213ʗĚ, p.R4859KʗĚĒĂ=èĠ
 	,ʗĚĒĂ+694545ǯǱǰ+ɒ9ƩĹ-Ƒ!Ƅ'9	 
 ƓǾȍ'-e],RNF213ʗĚ p.R4859K+ǹè*ʗĚĒĂ=ƍ9Rnf213
ʗĚ p.R4828KnCT=¡ɣRnf213,ʗĚĒĂ+694545ǯǱǰ,ƍ
Ǒ(ƩĹ+$&ơɬ 	 
 Rnf213ʗĚ, p.R4828KʗĚĒĂ=¶ɿ+ǱǞ9 Rnf213bZJB|nC
TːRNF213-KIˑ=¡ŞǢǠǳǘƺ+94545ǯ,Ǳǰ*7.+4
545ǯ+ʭʎ9ɜȖǯĐ,ƍǑ=::ơɬ 	RNF213-KIʤǢĂnC
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T,ȴ'9.4[Tv,Magnetic Resonance Angiography (MRA)=Ǥ&ǢŊ
8ʏ7 64ʏ1'è¦'ȡƇǳ+WillisÐɃʃðú,ɆɜȖ(ǬĳɜȖȨǱʓ
,ƍǑ=ơɬ 	Čƶ(GxmR@`|ɔȜ'9 DiI,ɜȖ¸Ƽµ+69ˀŐʨ
,ɧĥ'WillisÐɃʃ+9ɨÈĝǳƥʍ(ɆɜȖƒƟ+9ɜȖìç,
ȊĻ+$&ɭ¤ 	ČƶƜɔŊ,ʽɗ¸ɜȖ,ȠȯÁǕ=¡ŞɆĺÐɃ 
(Basilar artery: BA)+Ħ9¸ ʼÐɃ (Internal carotid artery: ICA)ȟƒʛĔ
ɆÐɃ (Middle cerebral artery: MCA)ʆʛ,ɜȖ¸}đň=ȴʬ'Ʊʂ 	
1 nCTɜǎMMP-9,ǱǞ=ɭ¤9 3+UvY|QBrKvgA~=Ǥ
 	7+ɜȖčȹÛ=ɰĩ9ȪʼÐɃȢȝr\x=Ǥ&ȪʼÐɃ,ʁż
ÁǕ=¡ɣȹÛɰĩ: ¸Ɍ(Ɍ+&Elastica-MassonƜɔ=Ǥ
&ǯǠȠȯĝǳƥʍ+9ĐÒ=ɭ¤ 	 
 RNF213-KI-Ƭĳ+ǱȺđɠėŅ4ɥ7:ʤǢĂnCT(èƦ,ȡƇǳ
*ʣůȈ=ȃ ːFT; p=0.34qT; p=0.47 	ˑMRA=Ǥ ɭ¤6.Čƶ
ƜɔŊ,ˀŐʨ,ɧĥ+&ʽ ɗ¸,ɜȖɨÈ+ʤǢĂ(,Ƅ7*į-ɥ7
:WillisÐɃʃðú,ÐɃǚȐ5ǬĳɜȖȨŅŞ=ɯ3*# 	¸ʼÐɃ
ĔɆÐɃ,ɜȖ¸}đň+ʭ&4ʤǢĂ(,Ƅ7*į-ɥ7:*#  
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ːICA/BA; p=0.82, MCA/BA; p=0.27 	ˑɜMMP-9ǁŗ+ʭ&4ȴʬ+į=
ɯ3*# ːp=0.43 	ˑ 
 ,Ȣƚ7@S@4545ǯřȷ+Ēɥ7:9 RNF213ʗĚĒĂ=
ƨ ʗĚ=ŧ$ RNF213-KI'-4545ǯ,ɑǒǱǢ-ɯ3ƂƏĐÒ(
ȶ7:9ɜȖđň,ǚĪÒ4ɯ3*# 	4545ǯřȷ+ɯ39ɜMMP-9
,ƃ4ɯ3*# 	4545ǯǱǰ+-ʗǳɤø,2*7ɑİ³ǭŔȕ5
ǐǰŜƜŸĨȫɡƊ*),ǡĊɤø(&ƫǳɤøĤ&9äɀŗ
ȃó: 	 
 
˝2˞ǾȍȻƈ 
4545ǯ-¬¸ʼÐɃȟƒʛ,ʐɝŗ,ǚȐ}ʪĈ(Ɇĺʛ,ǬĳɜȖȨŅ
Ş=Ǘő(9Ǯř'9 1-3)	ǯǠȠȯĝǳǗő(&ʽɗ¸ɜȖ,¸ɌȹÛ(
ɌɕɘÒ+69ɜȖɂŁŗĆï:&9 4,5)	Ǳǰ,Üø-Ƅ'9ʆ
ĵ-ÀĚǢǖĝǳ}ʗĝ,ʐƭ+68ʭʎÀĚ,ǱǞÐŝ5ǯŝǢǠ+ʭ9Ǿȍ
1 Ǳǰ(ʭʎ9ʗĚļ+ʭ9Ǿȍ˂ɾǳ+ʐ>' 	:1'+454
5ǯ+ʭʎ9ʗĚļ(& 3p24	 p266q258q2317q25Ćï:&9
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6-9)ʆĵ17q25,ƒȓʻĄ+ȱ9 RNF213ʗĚ4545ǯ,ǮřŜâŗ
ʗĚ(&èĠ: 10,11)	ş
-RNF213ʗĚ p.R4859K (c.14576G>A),
ʗĚĒĂģƀŗ4545ǯ,řȷ, 95%+ɯ37:1 ŀǱŗ4545ǯ,ř
ȷ+&4 79%+ɯ37:9(=Ćï 10)	7+,ʗĚĒĂ,lrŮ
çĐǬ=ƍ94545ǯřȷ'-j[zŮçĐǬʤǢĂ=ƍ94545ǯ
řȷ+Ʊ0ƂƏ+ǱǰɆƞĈǱǰƍś+ĒŊĔɆÐɃ,ǚȐ=#&
9(Ē(7ʣǰÒ(ʭʎ9(ȃ:&8Ŋ=ǋ9cBF
n~G~(&4Əŉ:&9 12)	'ş
- Cre-loxʛǗǬǳȠ2ű+6
#&Rnf213ʗĚ'ƌĔ,DJV|'9DJV| 32=ƪŲ9('Rnf213
ʗĚƪŲnCT=¡ɣǢǠǳǘƺ+&4545ǯ=Ǳǰ9ơɬ 	
,nCT+&¸ʼÐɃȟƒʛ,ǚȐ5Ɇĺʛ,ǬĳɜȖȨ,Ǳʓ-ɯ
3*# 13)	Rnf213ʗĚƪŲnCT+&4545ǯ,ɠǞĂŌ7:*
# (7RNF213ʗĚ p.R4859KʗĚĒĂ-ƩɀöĖĂ'-*Ʃɀǜ
ŌĂ,ʗĚĐǬ'9äɀŗȃó: RNF213ʗĚĒĂ4545ǯǱ
ǰ+),6+ʭ&9,ƩĹ+$&-1!Ƅ'9	 
4545ǯ,ɆɜȖ®,Ǘő(&ńŹĢ,ʧƐʚÃŹŬ7+68Ǳɠ:
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 ʧƐÀˁ-ķǽ7:&9 1)	,Àˁ-4545ǯ,ʣǰĻ=ȃÀˁ'-*
ǯŝǢǠĝǳ*ɑǒȡʒ=ȃ&8ńŹĢ,əƔ7-¸ʼÐɃȚ+£Ĝ 
ǘŝ7đʼÐɃȚ/,£Ĝ+Ȉɝ9Internal Carotid-External Carotid 
(EC-IC) conversion(Ƥŕ=Űô&9 14)	1 4545ǯřȷ+9
Magnetic resonance image (MRI),ɨƙ+68¸ʼÐɃːInternal carotid artery: 
ICAˑ(ĔɆÐɃ ːMiddle cerebral artery: MCAˑ,đň4545ǯřȷ'
-ÐɃȀÒ+69ɆɜȖǚȐřȷ5«ĳ(Ʊʂ&ƍś+ǚĪÒ&9(
Ćï:&9 15,16)	:7ʽɗ¸ɜȖ,ɜȖ¸}đň,ǚĪÒ=ȃ Constrictive 
remodeling(Ǟɷ-4545ǯ,ǯƏʐɝ+&ʣɤ*Ƥŕ'8454
5ǯřȷ,Ƣ3&ƂƏ,ĐÒ=ɠ&9äɀŗ9	 
 4545ǯ,ǯø(*96*Üøǖɺ-Ƒ!Ǳɥ:&*ɆɄˉǅ,
basic fibroblast growth factor (b-FGF)5ɜǉn]wZJTqWziz[@~U9 
ːMatrix metalloproteinase-9: MMP-9ˑ,ǱǞ-4545ǯřȷ'-«ĳ+Ʊ
0:7,¨ˊ(ǽ7:&9 17-20)	Ǘ+MMP-9ǁŗ,ƃ-ąĺɌ,
ǿĎ4 7ɜǅɆʭʩ,ǿȩ+ʭɐĸǳ+4545ǯřȷ+&ɜɝ¹
ĽɞŊ,ʒǏǂ+69Ɇ¿ɜ(,ʭʎȃó:&9	 
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 ,6*Ȼƈ7RNF213ʗĚ,ʗĚĒĂ+694545ǯ,Ǳǰ,ƍ
Ǒ4545ǯ+Ǘőǳ*ɆɜȖ,ɨÈĝǳ*ĐÒ5ǢÒĝǳ*ĐÒ,ƍǑ+ʭ
&ơɪ=ɝ# 	 
 
˝3˞ǾȍǷǳ 
4545ǯ,Ǳǰ+9 RNF213ʗĚ,ƩĹɨƄ=Ƿǳ+e] RNF213ʗ
Ě p.R4859KʗĚĒĂ+ǹè*ĐǬ=ƍ9 Rnf213ʗĚ p.R4859KʗĚĒ
ĂnCTːRnf213bZJB|nCT: RNF213-KIˑ=¡ɣènCT+94
545ǯ,Ǳǰ,ƍǑ*7.+4545ǯ+ʭʎ9ɜȖǯĐ,ƍǑ=Ƅ7+
9('9	 
 
˝4˞Ǿȍžƻ 
ː˓ˑġˇÐǖ 
ƓǾȍ'¢Ǥ Ðǖ-ƗÓĔĝ,HB^vB|+ŋ#&Ţ<:Ðǖġˇiz]
N~x-ƗÓĔĝĔĝʯÕĝȚǾȍȇ©Ǡęò,ţɯ,4(+ġſ: 	Ðǖ-
ɑǦ+˄ƴ(ų˃'9ǡĊ'˅ȺǓƄ+68 12Ƈʬư,Ɔē,ƄƉǡĊ+
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&˅Ⱥ: 	ʎ,ġˇ+- RNF213-KI(èȻƈ,ʤǢĂnCT=Ǥ 	 
 
ː˔ˑRNF213-KI,¡ɣ 
RNF213-KI-ʗĚW~MZ[A|K=Ǥ&e] RNF213ʗĚ, p.R4859
KʗĚĒĂ+ĦŔ9ǹè*ĉąʜÂĜÿ9DJV| 61+nCT Rnf213ʗ
Ě, p.R4828KʗĚĒĂ=ĩµ9('¡ɣ ː û 1A 	ˑW~M[A|Kk
JW~+-ʛǗǬǳȏǒĐǬĩµ+68 4828ǫǷ, AAA]wiyZ]N^|
= AGA(ĐÒ9('e] RNF213ʗĚ, p.R4859KʗĚĒĂ(ǹè*
ĉąʜÂ(*96+nCT Rnf213ʗĚ, p.R4828ʗĚĒĂ=ĩµe] R
NF213ʗĚ, p.R4859KʗĚĒĂ+ˁ9ĉąʜÂ=¡ɣ 	,ĩµ
 ʗĚʜÂ, 5'ƒȓ¬+ loxPʛ'ũ2ʅ>!aFnBR|ȸŗʗĚ( loxPʛ
=::ūµ 	,W~M[A|KkJW~=ʴƳȎěƻ' C57BL/6nC
T,ȽŗĶȞȾ+ĩµǹèȠ2ű+68 Rnf213ʗĚ,ʛW~M[A|
KkJW~+ȱű: ĉąʜÂ'9W~MZ]@yx=ŧ# ȽŗĶȞȾ=P
Q|hzZ]ƻ+6#&ʖÅ 	ʖÅ: ȽŗĶȞȾW~MZ]@yx=ƍ
9(=ǗǬǳ*ivBn~ːgE{~^ivBn~; 5′-GAAGAAAGGCTAGAC
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TGTTTGGTAA-3′, wc~TivBn~; 5′-TAACAATCCCATTAAGACTGGGTA
A-3′ˑ=Ǥ Polymerase chain reaction ːPCRˑǣǖ=ǸŮR~JD|T9
('ȁɯ 	W~MZ]@yx=ŧ$ȽŗĶȞȾ= Balb/CnCT,ȽǵȾ+Ƽ
µǣ1:& ¦,'Ʋɔ1!7'9¦=IqvnCT(&ʖÅ
 	IqvnCT= C57BL/6nCT(ʜǣ1:& ¦,'Ʋɔˍ
¦=W~MZ]@yx=ŧ$nCT(&ʖÅ 	p.R4828KʗĚĒĂ(a
FnBR|ȸŗʗĚê1: W~MZ]@yx=ŧ$nCT=CrewN|f_
~UʗĚ=CAGizr~W~,ǂ+ǱǞ C57BL/6ǦƖ,ʗĚŶĐnC
T(ʜ9('Cre-loxPʛǗǬǳȠ2ű+6#&aFnBR|ȸŗʗ
ĚʰÝ: R4828KʗĚĒĂ=ŧ$nCT=Ō 	,j[zŮçbZJB
|nCTèď=ʜ&ǣ1:& ¦+ĦÇʈ,ǗǬǳivBn~=¢Ǥ
 PCRƻ+69ʗĚĂÄĠ=ɝlrŮçbZJB|nCT= RNF213-KI
lrŮçĂʤǢĂnCT=ʤǢĂnCT(&ġˇ+¢Ǥ ːû 1B 	ˑ 
 
ː˕ˑMagnetic resonance angiographyːMRAˑ=Ǥ ʽɗ¸ĶÐɃ,ɨÈĝ
ǳɭ¤(ɜȖňɭ¤ 
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 ʽɗ¸ĶÐɃ=è¦'ȡƇǳ+ɭ¤9Ƿǳ'MRA=ſɝ 	ȂćłĻ
 9.4[Tv'9ĪÐǖǤ,MRIɢȱːAV400WVBruker BioSpinȅɣˑ=Ǥ
&ɫ,ŵ®dvq~W~+69 3 dimensional time-of-flight (3D TOF)ƻ+6
8ʒÝ+Ćï: šƻ+ǌ& 13,21,22)ʽ ʛ,MRA=ŵ® ː matrix=256×128
field of view (FOV)=14.9×8.3 mm2slice thickness=8.29 mmrepetition time/echo 
time (TE/TR)=20/1.847 msflip angle=30°number of averages=1and scan 
time=6 min 26 s 	ˑFT, RNF213-KIʤǢĂnCT=æ
5Ô$8ʏˎ7
64ʏˎ1' 4ʏʬư+èƦ,šƻ'Ȱ8ʇŵņ 	ŵņƇ-nCT=ɑǱñë
+ 2ˏ,BVgxy|,ŧȦëµ'ˌʝŵņŊˌʝ7ɦʡ Ŋ-ĿȦ
èƦ+˅Ⱥ=ȥȦ 	ʽɗ¸ĶÐɃ,ɨÈĝǳƥʍ+$&RNF213-KI(
ʤǢĂnCT,ȴʬ+9į,ƍǑ(è¦',ȡƇǳůȈ+9ĐÒ=
Osirix v3.9.1 32-bitː Pixmeo Sarl, para Apple Macintosh =ˑǤ&Ġŗǳ+ɭ¤
 	1 64ʏˎ', TOF MRA,¯Ǩ®+&ICAȟƒʛ,ɜȖň(MCA
ʆʛ,ɜȖň::(ɆĺÐɃːBasilar artery: BAˑ,ɜȖňƱ=Ʒ39(
'ʽɗ¸ĶÐɃ,ɜȖ¸ň=Ġʥǳ+ɭ¤ 	:-4545ǯ'-ɜȖǚȐ
ĐÒ-Çžŏǡ(ŊĔɆÐɃ+ (ǽ7:&9Ơˈ}ɆĺÐɃ+ǚȐ
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= (-Ƣ3&1:'8 23)¸ ʛN|]z~x(&ɆĺÐɃ( ICAMCA
,Ʊ=Ʒ39('Ġʥɭ¤=ɝ 3'9	'4èƦ+ɆĺÐɃ( ICA
MCA,Ʊ=Ʒ39('ɜȖň,Ġʥɭ¤=ɝ# 	::,ǋĠ- 2,ɭ¤
ȷ+68ǙȒ&ɝ<:::,¨,Ĵā¨=ɨƙ+Ǥ 	 
 
ː˖ˑČƶ( DiI,ɜȖ¸Ƽµ=Ǥ ʽɗ¸ɜȖ,ɨÈĝǳɭ¤(ɜȖňɭ¤ 
WillsÐɃʃ(Ɇɠ,ȞɜȖ,ɨÈĝǳɭ¤=ɝǷǳ'Čƶ(ɁǍŗGxmR
@`|ɔȜ'9 DiI,ɜȖ¸Ƽµ=ʒÝ+Ćï: šƻ 24-26)+ǌ&ɝ# 	Č
ƶƼµȴ- RNF213-KIʤǢĂnCTæ
5ÔDiIƼµȴ-æȴ 3Ô$(
64ʏˎ,FT,nCT=Ǥ&ġˇ=ɝ# 	ČƶǍǅ-Čƶ( 20%UvY|µ8
Ǣ˃=Ȕʥǈç< 4,=¢ǤDiIǍǅ- 0.01 Mw|ʠȬɟǅ( 5%KxN
~TǍǅ= 1:4'ǈç< Ǎǅ 10ml+ 100%DWb~x 16.7 ml+ 100 mg,
DiI=Ǎ Ǎǅ 200 µl=ǈç< Ǎǅ=¢Ǥ 	nCT=ʒËʥ,BVg
xv|'ĞƣƮŒɈ¸ƼĨ+68 20 ml,½5 ǢǠ˃ĉƴ'ɜȖ¸=ʘǂ
Ȧ&ČƶǍǅ 0.8 ml=Ƽµ 	DiIƜɔ+&- 0.01 Mw|ʠȬɟǅ'
ɜȖ¸=ǏǂȦ& DiIǍǅ 10ml=Ƽµ 	,Ŋʌ5+Ɇ=Ŵ¿Ŵ
13 
 
¿ Ɇ=4%dvlxp@x\e^'üĠ&ɛ²ġˀŐʨː M165 FC, Leica, 
Wetzlar, Germanyˑ+Ɇĺʛ(Ɇɠ,ɜȖ=ɧĥ 	WillisÐɃʃ+9ɨÈ
ĝǳƥʍ(ɆɜȖƒƟ+9ɜȖìç,ȊĻ+$&RNF213-KI(ʤǢĂn
CT,ȴʬ+9į,ƍǑ=Ġŗǳ+ɭ¤ 	ˀŐʨ+ ICAȟƒʛ,ɜȖň
(MCAʆʛ,ɜȖň::( BA,ɜȖňƱ=Ʒ39('ʽɗ¸ĶÐɃ
,ɜȖ¸ň=Ġʥǳ+ɭ¤ 	::,ǋĠ- 2,ɭ¤ȷ+68ǙȒ&ɝ<
:::,¨,Ĵā¨=ɨƙ+Ǥ 	 
 
ː˗ˑʽɗ¸ɜȖ,ȠȯĝǳɜȖňɭ¤ 
 ČƶƼµŊ,Ɇ=0.01 Mw|ʠȬɟǅ+ 30%@xho|0.5%UvY|=Ǎ
 Mx+ÑăɆɜȖ,đň=ɭ¤9 3+Ɇ,»ǘżÁǕ=¡Ş 	fh
v]~pːLinearSlicer pro 10, Dosaka, Kyoto, Japanˑ=Ǥ&30µm,Û'
ʎȦÁǕ=¡Şjn]IRw|-DFS|Ɯɔ=ɝ# 	ɜȖ,ʁż+&
ICABA,đň=ɜȖ,ƴĴż+&MCA,ƌĔň=MCA,đň(&
ʽɗ¸ɜȖ,đň=ǋĠ 	ǋĠ+- Image J, version 1.48e ː National Institutes 
of Healthˑ=¢Ǥ::,ǋĠ- 2,ɭ¤ȷ+68ǙȒ&ɝ<::
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:,¨,Ĵā¨=ɨƙ+Ǥ 	 
 
ː˘ˑUvY|QBrKvgA~ 
 4545ǯřȷ'-ɜǉMMP-9,ǱǞ«ĳ+Ʊ0ƃ&9(ǽ7:
&9 19,20)	'RNF213-KIʤǢĂnCT+9ɜ, pro-MMP-9(MMP-9
ǁŗ=ơɪ9 3+nCTɜǎ=Ǥ&UvY|QBrKvgA~=ɝ# 	8
ʏˎ7 10ʏˎ,FT,nCTæȴ 5Ô$¢ǤʒËʥ,BVgxv|+6
9ĞƣƮŊjdw|µ8Yt~h+ŒɎɜ=ŭá 	P|ix= 4°C︎1000 g
' 10ÀʬʕŒɜǎ=ŭá 	ŭá ɜǎ=UvY|QBrKvgA~IZ
]ːAK47, Cosmo Bio, Tokyo, Japanˑ=¢Ǥn`t@x+ŋ,šʺ'Uv
Y|QBrKvgA~=ɝ# 	ɜǎ=Ĭ,P|ixcZg?~(ǈĢǊ' 15
ÀßŔiyI±T]Mx(Ĭ,v|`|KcZg?~= 10§ıʢ&¢Ǥ
125V,Ġʴþ'ʴƳƾÐĬ,ǀǃǅ= 10§+ıʢ&ĢǊ' 1ƇʬŪ
Ƕ*7Mx=ǀǃ 	,ŊĬ,ʟȜßŔǅ+Ǆ37' 26ƇʬßŔ
 	Ȧ&Ĭ,Ɯɔǅ=Ǥ&W|dJƜɔ=ɝ5%ʞʠ30%qWb~
x,Ʌɔǅ'Ʌɔ 	Ǩ®- ChemiDoc MP ImageLab PC systemː BioRad, CA, USAˑ
15 
 
=Ǥ&ŵņɨƙ 	pro-MMP-9(MMP-9,ǱǞʥ=ʤǢĂnCT+Ħ
9 RNF213-KI,ǹĦ¨'Ʒ39('×Ġʥǳɭ¤=ɝ# 	 
 
ː˙ˑɜȖčȹÛr\x 
RNF213ʗĚĒĂ,ʗǳȻƈ=4$nCT+&7+ɜɝÎĝǳøĚ=
ÏɜȖč,ǯǠȠȯĝǳĐÒ=ơɬ9Ƿǳ'ɜȖč,ȹÛ=ɰĩ9r\x'
8nCT,ɜȖwr\w|K+ʭ9Ǿȍ'ƸǤ:&9Ǖ¬ȪʼÐɃȢȝ
=ɝ# 13,27)	8ʏˎ7 10ʏˎ,FT, RNF213-KI(ʤǢĂnCT=æ
6Ô
$¢Ǥ30ˏʠȜ( 70ˏʠÒȑȜ,ǈçHT+BVgxy|= 1.5ˏ'ǈç 
ëµˌʝ+&ɑǱñë+ˌʝ 	ɞ-¥Ǌ÷ (BWT-100, Bio Research 
Center, Nagoya, Japan)+&ǸɉǊ= 37±0.5 °C+ȧŧ 	nCT=ɏ+üĠ
ʿ7ȿˈ+&ƬÁʫ=ȱˀŐʨ+ĮȪʼÐʸ=ʵ¿ 	ʉɻ
Ȇȡ=Ų­*6+ȪʼÐɃ(ʦǳ+ÉʲĮȪʼÐɃ=ʵ¿ 	ĮȪʼÐ
Ƀ,Į¸ʼÐɃ(ĮđʼÐɃ,ÀĭǸÇ,ʛ'6-0Ȥș=Ǥ&ĮȪʼÐɃ=
ȢȝǴɋ= 6-0_Bz|ș'ʪÍ 	ˌʝ7ɦʡ Ŋ-ĿȦèƦ+
˅Ⱥ=ȥȦ 	 
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ː˚ˑȠȯĝǳ*ɜȖč,ɭ¤ 
ĮȪʼÐɃȢȝǸŊ*7.+ſɝ7 7142128ƁŊ,nCT=::ʒ
Ëʥ,BVgxy|=Ǥ&ĞƣƮŒɈ¸ƼĨ+68½ǢǠ˃ĉƴ'ɜȖ¸=
ǏǂȦ& 4%dvlxp@x\e^'ǏǂüĠ=ɝ# 	ĮȪʼÐɃ=Ŵ¿
dvgA|ÑăʒÝ,Ćï: šƻ+ǌ& 13)Ȣȝʛ7ƛ¬+ 2.0 mm
2.5 mm3.0 mm,ʛ'::Û 3 µm,ʁżÁǕ=¡ɣ 	¡ɣ 
ÁǕ= Elastica-MassonƜɔÐɃč¸+9ŃŗƘ=èĠ 	ʒÝ+Ćï
: Ġȵ 27)+ą%¸ Ɍ(Ɍ=èĠ::,żʷȌ=ǋĠ 	æ¦'
Çʈ, 3ʛ+&::¸Ɍ6.Ɍ,żʷȌ=ǋĠ:7 3ʛ,Ĵ
ā¨=ǋĠ 	 
 
ː˛ˑȣɩɨƙ 
Ȣƚ-ĴāƧǌªįːS.D.ˑ+&ɠƍśƴǌ- p < 0.05( 	ȡƇǳʣ
ĐÒ(ȡƇǳɜȖč,Û+9Ēȴʬɨƙ-ßŎǋĠ 2¯ʜȱÀźÀƙ'ơɪ
ŊBonferroni post-hocÀƙ=Ǥ&ƱʂơĠ 	ɆɜȖ¸}đň,ɭ¤Uv
17 
 
Y|QBrKvgA~- tơĠ'ɭ¤ 	¶&,ȣɩɨƙ-Graph Pad Prism 5.03
ːGraph Pad Software, La Jolla, CA, USAˑ=Ǥ&ɝ# 	 
 
˝5˞ǾȍȢƚ 
ː˓ˑRnf213bZJB|nCT,ɓǳŗɺ 
lrŮçbZJB|nCT(j[zŮçbZJB|nCT-(4+Ƭĳ*Ȯ
Ư(ǱȺ=ȃđɠėŅ4ɯ3ʣċÏ4ʤǢĂnCT(Ʊʂ&ƍś*į-
ɯ3*# ːû 2 	ˑ¶ɿɎ÷, HEƜɔ+69Ƞȯĝǳơɪ+&4Ǭĳɯ3
*# 	 
 
ː˔ˑMRA=Ǥ ʽɗ¸ĶÐɃ,ɭ¤ 
8ʏˎ7 64ʏˎ1',è¦',MRAgEz~@Zi+&RNF213-KI
(ʤǢĂnCT,ʬ+ʽ ɗ¸ĶÐɃ+9ɨÈĝǳƥʍ,į-ŨŴ'*#
 ːû 3 	ˑRNF213-KI,MRAŠɥ+&¸ʼÐɃȟƒʛ=ê3 ĶÐɃ,
ǚȐŠɥ5Ɇĺʛ,ǬĳɜȖȨŅŞ=-3(9ɜȖƥʍ,ȡƇǳĐÒ-ɥ7:
*# ːû 3 	ˑ 
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ː˕ˑČƶ( DiI,ɜȖ¸Ƽµ=Ǥ ʽɗ¸ɜȖ,ɭ¤ 
64ʏˎ,nCT+&Čƶ( DiI,ɜȖ¸ƼµŊ,ˀŐʨ,ɧĥ'-
RNF213-KI(ʤǢĂnCT,ʬ+WillisÐɃʃ+9ɨÈĝǳɜȖƥʍ,į-
ɯ3*# ːû 4A, B 	ˑRNF213-KI+&ɆĺʛǬĳɜȖȨ,ŅŞ6.¸
ʼÐɃȟƒʛ,Ƅ7*ǚȐǯĐ6.ʪĈǯĐ-ŨŴ'*# 	ɆɜȖƒƟ+
9ɆɠɜȖìç,Ǳʓ,ȊĻ+$&4RNF213-KI(ʤǢĂnCT,ʬ+į
-ɯ3*# ːû 4C, D 	ˑ 
 
ː˖ˑʽɗ¸ɜȖ¸}đň,ɭ¤ 
 TOF MRA(ČƶƼµŊ,ʽɗ¸ɜȖň=ˀŐʨ+ɩǋ9('ʽ ɗ¸ɜȖ
,¸ň=ʽɗ¸ɜȖ,Ƞȯĝǳơɪ+68ʽɗ¸ɜȖ,đň=ɭ¤ 	
RNF213-KI(ʤǢĂnCT,ȴʬ'ƍś*į-ɯ3*#  (ɠ)	4545ǯ+
9Ƣ3&ƂƏ,ĐÒ(ȶ7:9ɆɜȖ,¸}đň,ǚĪÒ- RNF213-KI+
&ɯ3*# 	 
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ː˗ˑɜMMP-9ǋĠ 
 4545ǯřȷ+9cBFn~G~(&ɜǉMMP-94545ǯřȷ'
-«ĳ+Ʊ0ƃ&8ɜǅɆʭʩ,ɂŁŗ+ʭ&9(ȶ7:&9	
UvY|QBrKvgA~=Ǥ&nCTɜǎ,pro-MMP-9(MMP-9=ǋĠ
æ
105 kDa( 86 kDa+ơ¿: ːû˗ 	ˑʤǢĂnCT,c|^,RK_xł
Ļ+Ħ9 RNf213-KI,c|^,RK_xłĻ=Ʒ39('×Ġʥ 
pro-MMP-9MMP−9(4+ƍś*į-ɯ3*#  (pro-MMP-9; p=0.70, MMP-9; 
p=0.73)ːû˗ 	ˑ 
 
ː˘ˑɜȖčȹÛr\x+9ǯǠȠȯĝǳɭ¤ 
ȪʼÐɃȢȝǸŊ,ȪʼÐɃ+&RNf213-KI(ʤǢĂnCT,ʬ'ɜȖ
č,ƥʍ+Ƅ7*į=ɯ3*# ːû˗-C-A, F 	ˑȪʼÐɃȢȝ,ſɝŊ-ʒ
Ý+Ćï: Šɥ 13,28)(èƦ+¸Ɍ6.Ɍ,ʒŗȹÛ=ɯ3,ȹÛ-¸
ɌɌ(4+Ȣȝ, 14ƁŊ+&ƌ4ˀɖ'# ːû˗A, B 	ˑ
RNf213-KI(ʤǢĂnCT,ȴʬ'¸Ɍ(Ɍ,ȹÛ+ƍś*į-ɥ7:*#
 (¸Ɍ; p=0.48, Ɍ; p=0.44)	 
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˝6˞ȶĥ 
ƓǾȍ'-4545ǯŜâŗʗĚ'9 RNF213ʗĚ,ʗĚĒĂ+
&Ɨ@S@,4545ǯřȷ+Ēɥ7:9 RNF213ʗĚ p. R4859K 
(c.14576G>A)ʗĚĒĂ+ǹè*Rnf213ʗĚp.R4828KʗĚĒĂnCT=¡ɣ
4545ǯ'ɥ7:9¬¸ʼÐɃȟƒʛ,ǚȐ6.ʪĈ5ɆĺʛǬĳɜȖȨ
,ŅŞ=-3(9ʽɗ¸ɜȖ,ǬĳǢǠǳǘƺ+&ɧĥ:9)
=ơɬ 	RNf213-KI-Ƭĳ+ǱȺ64ʏˎ1'+ɑǒȡʒ',4545ǯ
,Ǳǰ-ɯ3MRAŠɥ(ˀŐʨ,ɧĥ+9WillisÐɃʃ5ɆÐɃƒƟ,
ɆɠɜȖìç,ǱʓȊĻ(# ɆɜȖɨÈ+ʤǢĂnCT(,Ƅ7*į=ɯ3
*# 	ʼÐɃ+ʭ9ǯǠȠȯĝǳơɪ+&4RNf213-KI-ǢǠǳǘƺ
'-¸ ɌȹÛ5ɌɕɘÒ(# 4545ǯ+Ǘőǳ*Šɥ-ɯ37:*#
 	:7,Ȣƚ7RNF213ʗĚ p.R4859KʗĚĒĂ,2'-4545ǯ,
Ǳǰ+-ɒ7ʗĚĐǬ4545ǯǱǰ,ÖÀƕ'-*(ȃ: 	
RNF213ʗĚ+9 c.14576G>A,ʗĚĒĂ-ƁƓ, 1%+Ĝÿ9 11)(ů
ǋ:&9ž'4545ǯ,ý¸,ǱǢǝ-ã 10ń 8 0.35-1.13
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( 29-31)4545ǯ+& RNF213ʗĚĒĂ-Ǆʋǝ'9(ȃ
:&9	,Ȣƚ7 RNF213ʗĚ+ʗĚĒĂ9(ʗȻƈ,2
'-4545ǯ=ǱǰƓǾȍ+& RNF213ʗĚĒĂ=ŧ$nCT'ɠ
ǞĂŌ7:*# (-ŚĠ' ('84545ǯ,Ǳǰ+ɒ9+-ʗ
ǳȻƈ+Ï&ɑİ³ǭßŔ 32,33)ŜƜ5ǐǰ 34)ŸĨȫɡƊ 35)ɚɜ*) 7
,ʊÏ,ɤø=ɤ9äɀŗȶ7: 	 
e]RNF213ʗĚ,DJV| 60, p.R4859KʗĚĒĂ+694545ǯǱ
ǰ,ƩĹɨƄ, 3ȞȾđąɺ,ɌW|dJ'9MMP-9(ʽɗ¸ɜȖň+ʭ
&ɮȞ*ơɪ=ɝ# 	±,Ǿȍ+&4545ǯřȷ'-ɜǉMMP-9,ǱǞ
«ĳ+Ʊ0ƃ&9(Ćï:&9 19,20)ƓǾȍ'-ǢǠǳǘƺ'
Rnf213bZJB|nCT,ɜMMP-9ǱǞ+ƍś*ƃ-ɯ37:*# 	
nCTɆɄˉǅ,ŭá-ùʳ'9(7ƓǾȍ'-4545ǯřȷ,ɆɄˉǅ
'ƃ&9(Ćï,9 bFGF+ʭ&-ɭ¤=ɝ<*# 	1 45
45ǯřȷ+9ʽʛMRI,ɨƙ+684545ǯřȷ'- ICA(MCA,đ
ňÐɃȀÒ+69ɆɜȖǚȐřȷ5«ĳ(Ʊʂ&ƍś+ǚĪÒ&8
,ʽɗ¸ɜȖ,ɜȖ¸}đň,ǚĪÒ=ȃ Constrictive remodeling(Ǟɷ-
22 
 
4545ǯ,ƂƏĐÒ=ɠǯƏʐɝ+&ʣɤ*Ƥŕ'9 15,16)	ƓǾȍ'-
64ʏˎ,nCT'4ʽɗ¸ɜȖ,ɜȖ¸}đň,ǚĪÒ-ɯ37:4545
ǯ,ƂƏ,ɜȖŅŝĐÒ4ɯ3*# 	RNF213,mRNA-ɇɎǲɜǟw|
dȗ(# ³ǭȚ,Ƞȯ+ĒǱǞ&8ĒƝǟÙƝǟ,)"7,ȞȾ+4
ǱǞw|dǟ'- Bw|dǟTw|dǟ·+ǱǞ&9 10)	e]ɍĲʶɃ
ɜȖ¸ǴȞȾ+4ǱǞɥ7:ȼ´Ƞȯ'-ǲɜǟ5ȿɊ+ǱǞĒɥ7: 10)	
1 Okami7-FwOnBJz@yBʗĚǱǞɨƙʗĚF|]zS~ɨƙ
+68RNF213ʗĚ-ťÜŰȃȞȾ,ʑɻ5ǲɜǟ,Şǔ(# ³ǭƩɀ+
ʭ<9äɀŗ=ȃó&9 36)	RNF213,Ʃɀ5ʀºǣǖ³ǭŔȕ=ê3 
RNF213ʗĚĒĂ+68Ŀɼ:9ĐÒ+ʭ&RNF213-KI5 RNF213b
ZJ@C]nCT+³ǭɹǁ5³ǭŤÆ=Ï9('4545ǯ,ɠǞĂ,ƍǑ
5ʗĚ,ʭƄ7+*9äɀŗ8ŊƋ*9Ǿȍ=ɤ9	 
RNF213ʗĚ,ǢǠǳ*ŇÌ6. RNF213ʗĚ,ʗĚĒĂ),6*
ȡɽ=&4545ǯ,Ǳǰ=ɰĩ9-1!Ƅ'9	±,Ćï+69(
RNF213ʗĚ+lrŮç, c.14576G>AʗĚĒĂĜÿ9řȷ'-Ŗʌ+
ʽɗ¸ɜȖ,ǚȐʐɝƍś+ƂƏǱǰ6.ɆƞĈ,ʣǰÒ=í9(Ć
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ï:&9 12)Ȼƈ+9ǯŝ-Ƅ'9	ÖÀ+¬ÊɜɝɽǱʓ91'
+Ŗʌ+ʐɝ9ʽɗ¸ɜȖ,ǚȐ}ʪĈ= (+68ɆƞĈ-ķȘ'ʣĻ
(*9	 #&RNF213ʗĚ, p.R4859K (c.14576G>A)ʗĚĒĂ-ɜȖ
,ǚȐ}ʪĈ(ɜȖŽǢ+ʭ&9(ȃó:9	RNF213ʗĚ,bZJ
XC|5bZJ@C]Ðǖ=Ǥ ±ɝǾȍ-,ʣɤ*õʾɨƹ,șã*9äɀ
ŗ9	Liu7-RNF213ʗĚ,bZJXC|+68 RNF213,ƩɀƪŲ
 UhvgAZRt+&ʽʛɜȖ,ǱǢ+Ǭĳ9(=Ćï&8 11)
RNF213ʗĚʽɗ¸,ɜȖŽǢ+9Ž *RK_w|Kȡɽ+ʭ&
9äɀŗȶ7:&9	7+ńŹĢ+&RNF213bZJ@C]nCT'
ɜȖčȹÛr\x'9ȪʼÐɃȢȝ=ɝ# (;Ȣȝ, 14ƁŊ+&
RNF213bZJ@C]nCT'-ʤǢĂnCT(Ʊʂ&ƍś+ɌɘɜȖč
'-MMP-9,ǱǞ RNF213bZJ@C]nCT'ʤǢĂnCT+Ʊʂ&ƍś
+ƃ&9(=Ćï&9 13,37)	1 RNF213bZJ@C]nCT'-ɚ
ɜŊ,ɜȖŽǢʐ&9(4Ćï&9 38)	:7,Šɥ-ʽɗ¸ɜȖ,
ɌɕɘÒ5ǬĳɜȖȨċǢ(4545ǯ+Ǘőǳ*Šɥ(ǼǺ*Ȣƚ
Ō7: 	ş
,Ȣƚ+ą%(RNF213ʗĚ+9 c.14576G>AʗĚĒĂ
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 RNF213ʗĚ,ƩɀöĖĐǬ'9äɀŗȃó: 	ƓǾȍ'-454
5ǯřȷ, RNF213ʗĚĒĂ(ǹè,nCT Rnf213ʗĚ, p.R4828K (c. 
14484G>A)ʗĚĒĂ=ƍ9 RNf213-KI=Ǥ&ɜȖčȹÛr\x=ơɬ 
ɜȖč,wr\w|K+&ʤǢĂnCT+Ʊ0ƍś*į-ɯ3*# 	
 #&Rnf213ʗĚ, p.R4828K (c. 14484G>A)ʗĚĒĂ-ƩɀǜŌĐǬ'
-*äɀŗȃó: 	ž'e](nCT'- RNF213,ĉąʜÂ5W|d
Jɺ+<*ƥʍǳ*į8Rnf213ʗĚ, p.R4828K (c. 14484G>A)ʗĚ
ĒĂ RNF213ʗĚ, pR4859K (c.14576G>A)ʗĚĒĂ=Ƭȁ+ßƅ&*
äɀŗ-ğ¶+éĠ'*	RNF213W|dJ- 5256,@obʠ7*9W|
dJ'ufIY|wH~Uǁŗ=ŧ$ ring finger^qB|( 2$, AAA+ ATPÀ
ɨƩɀ=ƍ9Ž 7WBi,W|dJ' E3 wH~U,ʬ'9(Ć
ï:&9 10,11,39)Ŋ- RNF213ʗĚŶĐnCT,iz[FV~pɨƙ*
)ȨȲǳɨƙ=ɝ(*)68ɮȞ* RNF213W|dJ,ɨƙœɤ'9	 
ƓǾȍ,ʮǩ(&e](nCT(ȋ,ʔ+68ĉąʜÂ5W|dJɺ
,ƥʍ+<*į8e],ĉąĒĂnCT,ĉąĒĂ'Ƭȁ+ßƅ
:9-Ƅ'9	1 ǏǂüĠƇ+½Ǣ˃=¢Ǥ9('ɜȖàȭǢ
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Ǡǳ*ƕ=Ƭȁ+-ßƅ'&*äɀŗ7:9	nCTǊ(èǊĻ
,ǢǠ˃ĉƴ5dvlxp@x\e^=Ǥ9('68ǢǠǳ*ƕ+ʆ%9
(äɀ(*9 3ɜȖňɭ¤,ʱ+-ǊǢ˃,žƎ1	ƓǾȍ'-ɜȖ
č,żʷȌ=ȌÀ9('ɜȖč,Û=ɭ¤&9 3ɜȖàȭ (
+69ɜȖč,Û/,ņʹ-ī*(ȶ7:9	7+ƓǾȍ'-e]
RNF213ʗĚ, pR4859K (c.14576G>A)ʗĚĒĂ+ǹè*nCTRnf213ʗĚ
, p.R4828K (c. 14484G>A)ʗĚĒĂ=ĩµ 4545ǯ+ʭʎ 
RNF213,ĉąĒĂ-+4Ćï9 10,11,40) 	:7,ĉąĒĂ,Ʃɀ=
Ç+ǋƌ4W|dJƥʍ,ĐÒ= äɀŗˊ4,5:7,Ƞ2ç<
,ʗĚĒĂ,ĩµ=ơɪ9œɤ# 	 
 
˝7˞Ȣɴ 
RNF213ʗĚ, pR4859K (c.14576G>A)ʗĚĒĂ+ǹè*Rnf213ʗĚ,
p.R4828K (c. 14484G>A)ʗĚĒĂ=ƍ9 RNf213-KI-Ƭĳ+ǱȺɑǒȡʒ
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(ɝ# 4,'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đȇĝÀʤ,¼ƵŘŹŬ+ĦÛōȄǧǆɶǧ1	 
 Rnf213bZJB|nCT¡ɣ+ 8ōØÎ=ɸ81 èĔĝĔĝʯÕĝȚ
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 ƌŊ+ƓǾȍ+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ƗÓĔĝĝʱȇĝgz|[A@ǾȍŠ,əƔȧĚ±Ǣ+ōȄǧ1	 
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ɠ ČƶMRAȠȯ+9¸ʼÐɃň(ĔɆÐɃň,ƠˈÐɃň+Ħ9Ʊ 
  RNF213-KI Wt p value 
Čƶ ICA/BA (%) 75.2 ± 2.8 70.5 ± 15.2 0.62 
ːɜȖ¸ň  ˑ MCA/BA (%) 66.8 ± 3.5 58.7 ± 22.7 0.27 
MRA ICA/BA (%) 97.9±7.9 92.8±12.4 0.45 
ːɜȖ¸ň  ˑ MCA/BA (%) 78.1±2.8 77.2±3.4 0.67 
Ƞȯ ICA/BA (%) 95.3 ± 13.7 91.9 ± 11.2 0.82 
ːɜȖđň  ˑ MCA/BA (%) 71.6 ± 7.1 76.9 ± 8.0 0.27 
¨-Ĵā±Ƨǌªį=ɠ	 
ɠ,Ǫɱ-,(8	 
MRA; magnetic resonance angiographyRNF213-KIː Rnf213bZJB|nCT ˑ
Wtː ʤǢĂnCT ˑBAː basilar artery; ɆĺÐɃ ˑ ICAː internal carotid artery; 
¸ʼÐɃ ˑMCAːmiddle cerebral artery; ĔɆÐɃˑ 
